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In conductinug the research described In this report, the
imuestigators aebred to the *Cuide for laboratory Animal
Facilities and Care," as j ai gated by the Commttee on
the Guide for Laboratory Animal Facilities sand Care of the
Inst itute of Laboratory Animal wasources, National Academy
of Sciawce-Natioeal kesasreb Council.

Clinical and serological responses investigated In rhesus and
eymomlgas momheys Infected with either Busymmmera or Germiston
viruses wergenamerally minimal or absent. A febrile reaction
occurred In one of eight monkeys, and another wonkey died unexplain-
ably Mo those given Dowynowra virus. All monkeys Infected with
-e-m- stos virus by I -bc-uta-neou, intravenous, or intracerebral.
routes developed fevses, and all Infect ions were relatively con-
sisteet in time of anset, duration, and level of virema. Rheawn
innhey mar also susceptible to infection by exposure to &are-
solized On-mstate virus, although viremias were irregular In
these animals and no fewers were detected. Serological responses
to infections by Sunnmwerra and Germistoni viruses (bommaglutina-
tice inhibition, copelmat-fixation, and neutralization tests)
provided awe reliable Indication of Infection then clinical
response.
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Bunseciesa ofmnk-eymstare siusceptble teo lunyalleralaned ermisocviruses.
paithogenic fdor, and- Mosafqubitefl haesreed empliaerimnthl infationl
ofransuissmoneys ithe" viruses inaenirmi, ardteaso ACatalogu oft aeropod-
toansmVirsesio of the Waorl wa lsbot suigustes an bIninfectious fftor

vev mnkeys. someims srveor desacritbles furters fobsrmatins on sthdes
ofinfectiviyofs diheases airse ad searoloficallresponses inevimale thoats

soe0peieh o lujmoneyarsucpiltoBnnera and Germiston viruses.wr bandfrmteAeia
utyp Clure, Cdollectin. DunafyObierly desrisbed unperimonea 39suackln ons
o bripesages prks iorto Byintsuer vinrhsuxprns, and teCalguerofisthopovdus
strane Viruse o00fwi the 10l` ls*bth suvingmusesa braing pInsae.tou feed
were preared fro s irecotdedsucklings mouster obriserastiosspnsions i
boae-ufertiitdo taline thats cnained seol ormal rabbnesit serm.a Coactrs-

Bions ofviruse ind the m o ivorus" were deemndbyttratione andm inoArcuain
ofp Cualturmie. Thletion. Bn-Karbera virthbd wsusdedrfore e9stumatingmos
median petalsdoges prior whic wtuerItee expressedasp adecime exonen virus,

wrhesu preardro Infected scklng mouse brain as 10%nksensos weging
3.5 to 6 punrds salrned tas exerontalne host forma tabbse strudes Cone

tmofvirus coul bh ncl ee detertdminmy nfced by oithrathan teaerdo rnoultio
ofwere ondsitioed Toe r pestraitimatrer ehairs for 2seday bforestmainocga
teion ofviuthRcal toe L hermcohle were attachsed to deial repodngoenti-es

3.te tha a putoatcas recored aexrimntral hotemperaturese atudi0-minute

T his report should not be used as a literature citation In material to be
published In the open literature. Readers Interested in referencing the
Information contained herein should contact the senior author to ascertain
wsen and where it mey appear in citable form.
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intervals. Monkeys exposed to aerosolized virus were held individually
in ventilated cages to preclude transmission of infectious virus from
monkey to monkey by contact or aerosol.

C. ASSAY FOR VIUM0A

Periodically following exposure of the monkeys to virus, blood samples
were drawn into syringes wet with heparin and immediately diluted 1:10 in
broth. Virus concentrations were determined by inoculating 0.03 ml of
each decimal dilution into 10- to 14-g mice by the Intracerebral (1C)
route and calculating LD90 values from the observed deaths.

D. •KTHD OF EXPOSIUG NW)UYS TO INFECTIOUS VIRUS

Monkeys were inoculated with virus intravenously (IV) by the saphenous
or cephalic veins, subcutaneously (SC) in the posterior lumbar region, or
1C. Those inoculated by the IC route were first anesthetized by IV
administration of 2.5% thiamylal sodium (Surital, Park*, Davis); their
heads were cleaned of hair, and the scalp and calvaria were perforated
with a burr-like drill. Virus was injected through the drilled hole 0.5
inch into the substance of the cerebrum. Ixposure of the monkeys to
aerosols of virus was accomplished without sedation in a Hhnderson
apparatus that was modified to permit whole-body exposure. 1 0  Dynamic
aerosols were generated for 3 minutes with a Collison atomizer and
the cloud was sampled by all-glass impingers. The virus concentrations
in the atomizer and impinger samples were determined by assays in mice,
and from these data inheled doses of the aerosolized virus in terms of
MICWD were ,calculated using Ouyton's equation1 1 for respiratory minute
volume.

E. SZROXICAL ASSAYS

Sera obtained periodically following exposure of the monkeys to virus

were tested for hemagglutination-inhibiting (HI), complement-fIxing (CF) 1
and neutralizing antibodies. Procedures described by Clarke and Casalssi
for the HI test were modified for microtiter equipment. Viral heag lutinins
were prepared by extraction of infected suckling mouse brains with sucrose
acetone. 1 s Only H1 titers greater then 1:20 were considered specific,
positive reactions.

07 tests were performed by a technique based on the work of ryens
et &l,.%& with modifications for microtiter equipent. Titers greatev
than 1:4 were considered specific serological responses.

Serum samples taken at indicated intervals were tested for their
capacity to neutralize specific virus by the mouse protection test, using
constant volumes of undiluted serum and varying dilutions of vitms.



Serum-virus mixtures were incubated at 37 C for 30 minutes and then at
4 C for 2 hours. Young adult Swiss-Webster mice (10 to 14 g) were injected
intraperitoneally with 0.05 ml of the serum-virus mixture. Log10 neutrali-
sation indices (L1I) were calculated by subtracting the Ingle HIPLD1) of
virus in antiserum from that in normal serum. LNI of 1.5 or greater were
considered Indicative of a positive serological response.

III. RESULTS

A. BUNTAMERA VIRUS INFECTIONS

Nine normal young rhesus monkeys each received approximately 600
HICLD of Bunyamwera virus. Three monkeys were inoculated SC with virus,
four IV, and two IC. A mild febrile response with a peak rectal temperature
of 103.7 F was observed between the 62nd and 70th hour in one of the four
monkeys infected by the IV route. Anorexia and dehydration were apparent
from days 4 to 7 in one monkey and severe diarrhea from days 2 to 4 occurred
in the other monkey infected by the XC route. All clinical signs were
associated with maximal viremic titers.

Only one monkey (RD 9-145) failed to develop a detectable viremia,
as indicated by the results in Table I. Maximum concentrations of virus
circulating in the blood varied from 4.7 Dex to more than 6.3 Dex MICLDm/al
and occurred between the 3rd and 4th day following administration of virus.

Monkey RD 9-133 was found dead 72 hours after IV inoculation. This
monkey had exhibited no overt clinical signs until the 54th hour, when it
developed a hypothermia that progressed until death 8 hours later. Necropsy
revealed a general appearance of dehydration that might have been accentuated
by the 12-hour interval between death and postmortem. The lungs showed some
foci of subpleural emphysema and one lesion caused by infestation with the
lung mite, fteohvesua simicola but no other gross pathological change
was discovered. Selected tissues were frozen as 10% suspensions in saline
and stored at -60 C until assayed. Virus concentrations (ICWDAm) in
these tissue suspensions were: brain, 3.5 Dex; lung, 3.5 Dex; heart muscle,
4.0 Dex; heart blood, 4.6 Dex; and liver, 5.1 Dex. Virus titers in heart
blood and liver were particularly noteworthy, indicating hepatic involve-
ment and viremia. The samples of virus recovered from these tissues were
neutralized by specific anti-Bunyamwera serum.
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TABLE 1. VIREMAS OF MW" MA T INOCLATED WITH BUNYAIE VR US/

Animal Route HICLD per ml Bloods/ at Indicated Day

Number Inoculatedkb/ [3 Hr] 1 2 3 4 5 6 7 8-9

RD 9-145 SC - - - - - - -

RD 9-121 SC - 2.7 4.3 5.7 4.8 4.0 - - -

RD 9-122 SC - - 4.0 5.3 4.0 3.7 - - -

RD 7-48 IV - - - + 4.1 4.7 4.2 ± -

RD 9-133 IV - - 3.7 4.7 Dead

RD 9-132 IV - - 3.0 4.4 4.6 4.8 - - -

RD 9-34 IV - - 3.7 5.7 5.5 4.5 - - -

RD 9-152 1C - - 5.3 5.3 4.5 2.8 - - -

RD 9-142 IC - ± 3.7 4.7 >6.3 2t5.8 3.5 -

a. All monkeys received 600 MICLDw.
b. SC - subcutaneous; IV - intravenous; IC - intracerebral.
c. Expressed as decimal exponent (Dex); -, no mice died after

inoculation with 10-1 dilution; ±, only one or two of six mice
died after inoculation with 10-1 dilution.

Serum samples taken prior to infection and at 6, 13, and 21 days post-
infection revealed serologic conversions by HI, CF, and serum neutralization
tests for all except monkey RD 9-145 that failed to develop a viremia. The
serological results presented in Table 2 revealed that significant levels
of HI antibodies were not detectable until after the 6th day of infection
and appeared to be maximal by the 13th day in most animals. The 21-day
serum sample from the nonviremic monkey (RD 9-145) had an LNI of 1.3,
wich was not significantly different from that of the preinfection
sample (0.6). Thus, monkey RD 9-145 probably did not become infected
with Bunyauera virus.
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TABLE 2. SEROLOGICAL RESPONSES OF WICACA MULAYA INOCULATED
WITH BUNYAMIERA VIRUS

Serum Titers!al

Animal Route Day p 3 Day 21
Number Inoculated HI HI HI CF LNII

RD 9-145 SC <20 <20 <20 .0 1.3

ED 9-121 SC <20 160 80 64± >4.6

RD 9-122 SC <20 80 80 64 >4.6

RD 7-48 IV <20 160 80 64 >4.6

RD 9-132 IV <20 160 80 128 >4,.6

RD 9-34 IV <20 160 160 32 >X.6

RD 9-152 IC <20 40 80 64 >4.6

RD 9-142 IC <20 80 160 32± >4.6

a. Reciprocal of titer by hemagglutination-inhibition (HI)
and complement-fixation (CF) tests; the log10 serum
neutralization indices (LNI) are in NIPLDw. No antibodies
to Bunyamfera virus were detectable in sera taken prior
to inoculation of virus.

B. GERXISTON VIRUS INFECTIONS IN MONKEYS

A total of four rhesus and three cynomolgus monkeys were inoculated
with approximately 8.2 Dex MICLD5 0 of Germiston virus (two rhesus and one
cynomolgus by SC route and two of each species by the IV route). This
extremely large dose of virus was chosen because we wished to determine
the maximum clinical responses that Germiston virus could elicit in these
animals. No clinical signs of disease were observed after infection except
for febrile reactions, which occurred in all the animals. Rectal
temperatures reached maximal levels of 104 to 105 F between 12 and 16
hours after inoculation. By the 30th hour, temperatures of all monkeys
returned to normal levels (98 to 102 F) and remained normal through the
10th and last day of observation. The use of primate chairs and a device
for continuous and automatic recording of rectal temperatures in these
experiments made possible the detection of mild fevers (103 to 104 F)
that might otherwise have been obscured by fluctuations of temperatures due
to the stress of handling the monkeys.



Virus was detected in the blood Immediately after IV Inoculation and
increased to maximal titers of 5.8 to 7.0 Dex NI•DW/fl 12 to 24 hours
later (Table 3). In monkeys receiving virus by the SC route, vizemata were
first detected in the 12-hour samples; titers in these animals also were
maximal between the 12th and 24th hours. Viremias persisted unil the 3rd
and 4th postinoculation day and were undetectable thereafter. Viresas in
cynomolgus monkeys appeared slightly higher in titer than those in rhesus
monkeys and persisted longer after IV inoculation than after SC Inoculation.

TABLE 3. VIREKI&S OF NODKEYS I•NCULATD WITH GEDrHSTC VMWS

Number Route-b/ mum _ __ of Blom*_/
of & of Inocu- Inoculum, Hours ,, _ _an

Monkey•s lation MC1ZSO 1 3 12 24 2 3 4 5-10

2R. IC SC 10 8.2 + 2.1 5.5 5.4 4.3 3.5 <2.0 <2.0

2R, 2C "V 108.2 5.1 4.3 6.0 6.6 4.9 3.3 2.9 <2.0

3R 1C 104.2 WA I) ID ) 4.7 4.2 2.9 <2.0 <2.0

a. R - number of rhesus (ff. mulatta); C - number of cynomolgus (M _W.
b. SC - subcutaneous; WV - intrameous; IC - intracerebral.
c. MICLDs, young adult mouse intracerebral LDn) expressed as Dez; ±, only

one or two mice of six died in lowest dilution tested (10-1); titers of
each group were averaged for each sampling interval.

d. AD - not done.

Hematocrit, total and differential white blood cell counts, and sedimen-
tation rates were performed on all the monkeys daily throughout the 10-day
observation period. Only hematocrit values varied from accepted normal
values. Seven days after inoculation, hamtocrit values dropped to an
average level of 32.8%, which represented a decrease of 6 to lO from
preinoculation values. However, hematocrit values also decreased in two
uninoculated monkeys tested simltaneously, and it is probable that the
observed changes were caused by the daily bleedings rather than by the
infection with Germiston virus. All monkeys infected with Germiston virus
developed LKI of greater than 4.0 by the 21st day.

Three additional rhesus were tested for their responses to Infection
by the IC route. An inoculum containing 4.2 Dex MICL, 0 of virus •we injected
into the cerebrum of each monkey. Fevers vere observed in all three betelen
25 and 40 hours, with maximal temperatures of 102.8 to 103.8 F occurring 26
to 29 hours postinoculation. Viremia occurred In all monkeys from day I
through day 3 (Table 3), but titers were substantially lower then those of
monkeys infected with larger doses by TV or SC routes. ERxept for the
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expected paring at the bead and the depression that occurred wi~thin 2(khours after anesthesia and invasion of the calvaria, no signs attributable

to •oceplitis were detected. One monkey had diarrhea from day 5 to day 7
but responded to routine treatment. Twenty-one days after inoculation each
of the three animals had LU! of greater than 6.0.

Accidenal Infections of laboratory personnel that have been reported
for Germiston viruO were probably caused by aerosols of the viu. This

possibility of aserognuic transmission in mn prompted us to investigate
the infectivity of aerosolised virus for mke". Nineteen rhesus mankeys
were exposed to aerosolised Germiston virus at estimated Inhaled doses
ranging from 2 to 16,000 K1CLD . Three monkeys that Inhaled an estimated
2 NXICDo and two each that inhaled approximately 16 and 160 10IC=, failed
to become infected by the criteria of serological response. The virmic
patterns that followed aercomeic Infection of 7 of the 12 remaining animals
are proesnted In Table 4, and the serological responses are sumnaried in
Table 5.

TAL 4. VUNIS OF MC& N DWBC
lTM A*0BczUM vI ms

rAtimated
Inhaled

Animal Dose, Virus Titer mg ml Blood at UdicMatodle
Number MCWWq 1 2 3 4 5 6 7 8610

0 9-138 160 -kI - - - 2.7 3.3 - -

20 7-61 300 - 3.3 2.8 - - - -

209-115 300 . - - - - .8 -

V 9-119 300 - 2.5 - 2.7 + _ - -

RD 9-135 1,600 - 2.7 3.3 3.6 2.8 3.8 - -

ID 9-140 1,600 - + 2.8 2.7 - - - -

RD 9-145 1,600 3.0 3.8 3.5 3.0 + - - -

a. Titers expressed as Dex MWCWt.

b. -, less than 2.0 Dez; ±, only one or two died of six mice
inoculated with lowest dilution (10-1) tested.
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F2 Clinica 1 .4.. were, no detected. Riect~al tpe--satres of the
eahemys, measured daily without the aid of thermacomples and a recording
potentiometer, fluctuated over a wide rage because of the excitemet
cinsed by heandling. Thro"ghout the 10-day observation period, tessraure
variead from "9. to 164 IF In boch Infected and sominfected immls. THi

ra was cnidered morsel under thas* cmmditions of acresso.

Although other routes of Inoculation produced rather consistent
petteorm. of wiresia, Infection by the respiratory reate yielded highly
variable patter.s of asset and duraition. The vfrus titers in the blood
were almys relatively low; the highest recordar was 3.8 3.3 MOaDsfiml
of virus. Only 7 of 12 Infected amfnls emhibited virawias of 12
N1CID~ or greater. The remaining five useD.,. either bed trace or
so detectable viremi titers.

In the aserological responses of .smheys earogmoatcly tafected with
Germistos vivos, RE antibodies attained titers of 1:80 to 1:1280 at 21L
days. 31 titers did not appear to be related to doug of virms Inabled.
CF titers of samplems takes 21 days after ~umg by the respiratory
routs Uwe "Monetive of now a atree of does depeedmace (Table 5), but
becmse of the somill memer of samples Involved, the differences tn titers
observed between dowes were amo stat istically significant. All infected
inaksys developed INK of at least 4.7 by dos 21st day. It was appaeram
from these r ,sults that serological response was the most reliables
measure of Infection.

C. CourwA RAuRSsMIM umnins

In each of two separate experimnts, twe waineeslated I& LO were
seat ed close to others infected with either 3.mayi--a or Corwistom virus.

Alhuhthe uninoculated , 1 eys-arm allowd to touch aind enchuiMu food

with their Infected neighbors, nowe developed donmsmtrable vicesfa, fever,

oratbois
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bmynravirus elmits a mild infectiom n tARheSs woke" that appear
comprale to that described of a naturally Infected mm but certainly lIS"
severe than that described of an szperimotally infected hmna cance
pationt.5 Use death of -m aosuh that occurred during the viremc phase
of Injectio to i unexplained. yet of Interest because of siuilaritiee with a
death described by SwLthhuru, Raddor, and Iiaaffy.6 Although It ins
tosipting to attribute the death to viral etiology, the lack of gross
pathological signs and relatively low virus levels in the tissue of vital
organ did net leand any substantial support to this hypothesis. Neverthe-

lass, the higher levels of virus extracted from the liver than fro the blood
or other tissues Indicates that the virus has a greater affinity for the

also reported indireat evidence of the affinity of 11 3 a virus for

hecarn nospelpeble 2 to 3 weeks after inoculation with boym~eira virus,
but even though a viral affinity for hepatic tissue my have contributed
to the reduction of liver size, other wnvmiral causes vere not completelyhepaic l~w, " mu" lier f a atint ithi~nosti fthmi
ruled out.

Although Gernistom virus was Infectious for rhesus and cyum~lgus
amuhys, the disease, libe that caused by Uuomnera virus, appeared
aztremly mild regardless of the dose or route of Inoculation. In coatrast,
the disease described for no Is considered acute and incapacitating.*
The relative eas with which monkeoys were infected by "ereo transmision
is notmorthy sad serves to vera laboratory persoomel of the potential
hazards associated with this pothogen. No a r, there appeared to be me
contact tramnsiLon of the virus from disemond to normal ,ieAsI

The susceptibility of rhesus wouheys to Infections with either
Sunmnra or Gerisato. viruses and similarities of the diseases elicited
to those In am Indicate that this manial my serve as an acceptable lest
for further studies an the pathogenesis of and Iimmological respones to
these viruses In subhumamn primates. Certainly further studies are Indicated
on the tropism of those viruses in primate tissues. Cross protection
betweens these related viruses has bees investigated In mankes and will be
reported in another publication.
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Clinical and serological responses Investigated in rhesus and cynomol
gus monkeys infected with either Bunyaxeera or Cermiston viruses were
'generally minima1 or absent. A febrile reaction occurred in one of eight
monkeys, and another monkey died unexplainably among those given

Sunameravirus. All monkeys infected with Germiston virus by sub-
cutaneous, intravenous, or intracorebral routes developed fevers, and
all Infections were relatively consistent in time of onset, duration,
and level of viremia. Rhesus monkeys were also susceptible to infection
by exposure to aeroso lized, Germiston virus, although viremias mere
Irregular in these animals and no fevers were detected. Serological
responses to infect ions by Dunyamwera and Germiston viruses (bamagg btitter
tion inhibition, complement-fization, and neutralization tests) provided
more reliable Indication of infection then clinical response.
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